Introduction
Metal-ceramic composite or cermet coatings have become popular due to their enhanced wear and corrosion resistance properties. Cermets consist of ceramic particulate embedded in a metallic binder [1] [2] [3] [4] [5] . The reinforcing particles help the composite to perform better than alloys. This is attributed to the transfer and distribution of force from the binder to the reinforcement. The bond that exists between them helps to improve the tensile and compressive strength properties [6] .
In cermet coatings as in tungsten carbide-cobalt (WC-Co) with both ceramic and metal present, these can have very different potentials. This results in micro-galvanic corrosion as discussed by Cho et al. [7] . The carbide becomes cathodic and the binder becomes anodic to form micro-galvanic corrosion. This results in preferential corrosion of the anodic binder. They also argued that due to larger surface area of the carbide cathode than the binder, more severe corrosion of the anode is expected [7, 8] . As the ceramic has a low corrosion rate, it is seen that corrosion attacks the binder. The corrosion mechanism is by extensive binder corrosion followed by ceramic or carbide removal and leaves only a layer of binder without carbide; after this has occurred, the corrosion rate will depend on the rate of binder removal until the next layer of carbide is exposed [9] . Hochstrasser et al. [10] who studied the influence of electrolyte pH (1 -13) on corrosion properties of WC-Co hard metals found that the presence of specific ions e.g. sodium chloride (NaCl), chloride acids (HCl) or sulphuric acid (H 2 SO 4 ) show lower effect in alkaline solutions compared to in acidic solutions. They also found that in acidic solutions Co dissolution occurs but in alkaline solutions, the Co binder is passivated and dissolution of WC is more significant. Corrosion in acid shows two features, the first increase in current with potential is due to carbide dissolution [7, 11] and the second increase of potential and current is due to oxidation of WC [8, 12] to form tungsten trioxide (WO 3 ) [12] [13] [14] or tungsten trioxide tydrate (WO 3 .x-H 2 O) [14] . While in alkaline electrolyte, the increase in current with increasing potential is due to tungsten oxidation alone [10] .
Thus, study on understanding the corrosion behaviour of WC-Co in different electrolyte is importance. In this study, the corrosion resistance performances of WC-Co coating in three different electrolytes have been examined by using electrochemical test. The corrosion behavior is discussed in term of its effect on different pH of electrolyte.
Methodology
Materials and characterization. The WC-12wt%Co coatings have been characterized using scanning electron microscopy (SEM). Energy dispersive spectroscopy (EDS) was used with SEM to determine the proportion of different elements in the coating.
Corrosion test. The copper wire was solder at the back of the samples. The samples were cold mounted followed by grinding with 240 silicon carbide paper and finished by polished until 3 micron alumina grit. The surface area exposed to electrolyte was approximately 1 cm 2 . Three types of electrolytes were used namely 0.5 M hydrochloric acid, HCl, 0.5 M sulfuric acid, H 2 SO 4 and 0.5 M sodium hydroxide, NaOH. A three electrode cell arrangement (Fig. 1) was used with Ag/AgCl as a reference electrode. The potential between working electrode and auxiliary / counter electrode is recorded between -250 to 250 mV with 1 mV per second scan rate. The results were evaluated using IVMAN data analysis software. After testing, samples were rinsed with distilled water and dried. The microstructure after corrosion testing was then observed using JEOL JJSM-6380LA scanning electron microscope (SEM).
Results and Discussion
Materials characterization. Fig. 2 (a) shows the secondary electron SEM image of WC-Co microstructure consisting of angular carbide (lighter in contrast) embedded in the cobalt binder. In Fig. 2 (b) , the EDS result confirms the detected elements as W, C and Co. lower more than hundred times compares to in acid electrolyte. This suggests that the corrosion is less aggressive in alkaline and WC-Co has higher corrosion resistance in this environment. The corrosion rate result is proportional with corrosion current which increasing the corrosion current results in increasing in corrosion rate. The ratio of increases in corrosion current is about the same as in corrosion rate. The morphology of WC-Co after corrosion test is shown in Fig. 4 . In acid electrolyte, cobalt dissolution occurs followed by carbide removal as discuss previously [10] . But, in 0.5 M HCl (Fig.  4b ) the carbide and cobalt is difficult to differentiate. However, the cobalt dissolution is deeper in 0.5 H 2 SO 4 ( Fig. 4a ) and the carbide removal is clearly seen. After corrosion test in alkaline 0.5 M NaOH electrolyte (Fig. 4c) , dissolution of binder and carbide is seen which is similarly found by Schnyder et al. [15] who studied on WC-Co and single element of WC and Co electrochemical behaviour in alkaline solution. They found that in alkaline solution without chlorine, WC-Co behave in between WC and Co and concluded as both element dissolve in the solution which in contrast with Hochstrasser et al. [10] conclusion which suggest cobalt passivation and WC dissolution in alkaline electrolyte. Materials Science Forum Vol. 819
Conclusion
The corrosion behavior of WC-Co in different electrolyte with different pH has been observed. The corrosion mechanism is by binder dissolution followed by carbide removal. Corrosion of binder and carbide in 0.5 M HCl is about similar value as no preferential dissolution is seen. It may be conclude that WC-Co has higher corrosion resistance in alkaline environment compares to in acidic environment.
